To determine if elderly frequent attenders are associated with increased 30day mortality, assess resource utilization by the elderly frequent attenders and identify associated characteristics that contribute to mortality.
INTRODUCTION
An aging society in Singapore has led to a growing proportion of elderly patients with more complex comorbidities visiting the emergency department (ED). [1] The numbers of ED visits by elderly patients are increasing, [2] with a study demonstrating a 34% increase in elderly attenders over 10 years. [3] From the resource utilization perspective, the ED frequent attender (FA) has been found to contribute disproportionately to crowding, [4, 5] a phenomenon associated with increased mortality and other poor outcomes. [6] [7] Elderly ED attenders are associated with increased ambulance use, higher acuity conditions, longer length of stay at the ED and higher admission rates. [8] [9] [10] Although the elderly and poor outcomes are both associated with ED FAs, no study has specifi cally assessed the elderly FA, with regards to their outcomes, especially mortality. Studies demonstrating increased mortality for elderly ED attenders are relatively small in sample size and the relationship with respect to visit frequency is unknown. [11, 12] We aim to determine if elderly FAs are associated with increased 30-day mortality. The study would also assess resource utilization by the elderly FA, and identify associated clinically relevant patient and visit characteristics, with regards to mortality. We postulate that the elderly FA is associated with increased 30-day mortality rate, whether compared against the elderly non-FA or the non-elderly FA.
METHODS

Study design
A retrospective observational study of electronic medical records of all visits to the ED over a 10-year period from January 2005 to December 2014 was performed. We obtained institutional review board approval for the study.
Study settings and population
Singapore is an urban city state with a population of 5.6 million. [1] The study institution is the largest hospital in Singapore with 1,600 inpatient beds, and provides tertiary care to a signifi cant section of the population. It is part of the Singhealth Regional Health System (RHS) which covers a population of more than 1.1 million and receives more than 4 million patient visits yearly. The Department of Emergency Medicine receives more than 140,000 patient visits annually.
Study protocol
The data was generated from the Electronic Health Intelligence System (eHINTS), a data warehouse which compiles data from several hospital databasespatient health records, ED registration, admissions and death registry. We masked specific details pertaining to patients, their attendances and subsequent admissions, to ensure that data was adequately anonymized, while remaining able to identify the same patient regardless of the number of repeated visits within the study dataset.
Other variables include the date and time-stamps upon the ED registration, consultation, disposition; the mode of arrival, triage class, vital signs readings, diagnosis given at the ED, admissions and discharge data. Death records were drawn from the Singhealth death registry, and matched to the visit entries of the specifi c patient.
Defi nitions and outcomes
We define the ED frequent attender within our population as having three or more visits to ED over a calendar year, based on a resource utilization and outcomes model. [13] The 30-day mortality rate was defi ned as the death of the patient from all causes, within 30 days of registration of an ED attendance.
Time to consultation was defined as the duration between patient registration upon arrival at ED, to the time of initiation of physician consult. Time to disposition was defined as the duration between when consultation was initiated, to the time patient disposition was made. Further outcomes assessed include the patient's diagnosis on admission, rate of admissions to the emergency observation ward and inpatient wards, and the inpatient length of stay. We sorted admission diagnosis based on the International Classification of Diseases, Ninth Revision.
Data analysis
The SAP (SAP SE, Walldorf, Germany) relational database management system was used to calculate variables in the study data set, such as "time to consultation", "length of stay" and "attendance this year". Further data preparation and analysis was performed using R v3.2.3 (R Foundation, Vienna, Austria).
Among the attendances within the "65 & above" age group, the Chi-square-tests was used to assess categorical factors and the Student t-test was used to assess continuous variables on their association with being a FA. All demographic profi le and attendance characteristic factors available were found to reject the null hypothesis that they were independent to the target variable of being a frequent attender at the 95% signifi cance level (P-value of 0.05).
Univariate logistic regression was conducted on all significant independent factors to the outcome variable (30-day mortality), to determine factor independent odds ratios of being an FA. Multivariate logistic regression was also conducted to determine the adjusted odds ratios.
RESULTS
There were 1.383 million unique patient visits over the period of 1 January 2005 to 31 December 2014. 1,715 records (or 0.001%) were removed from the dataset as they were either dead on arrival (1,681 records) or lacked basic demographic data (34 records). There were no other exclusion criteria. World J Emerg Med, Vol 9, No 1, 2018 The remaining 1.381 million patient visits were analyzed. The attendances by 65 & above year olds (at time of attendance) accounted for 25.5% (353,042) of all attendances to SGH ED over 2005 to 2014. Among the 65 & above year olds, 31.3% (or 110,671) of the attendances were by FAs, and the remaining 68.7% (or 242, 371) by non-FAs ( Figure 1 ).
General attendances of elderly ED attenders
The total number of patients aged 65 years and above has been increasing over the 10-year period of analysis. The proportion of FAs among the "65 & above" attendances remained relatively constant at around 31.3% (Table 1) , higher than the 22.1% at the overall level. In terms of unique attenders (within each calendar year), FAs accounted for 11.7% of attendances of 65 and above years of age. This was also higher than the 7.0% level among all attendances.
Patient and visit characteristics of elderly ED attenders
All demographic and attendance factors available were found to be significantly dependent to the target variable (being a frequent attender) at the 95% signifi cance level, except "admission length of stay" and the 30-day mortality rate.
"65 & above" attendances had a disproportional share of "Chinese" ethnicity, regardless if they are FA or non-FA. The proportion of "Chinese" ethnicity among "65 & above" was more than 80%, compared to about 65% among all attendances ( Table 2) .
FAs had a higher proportion of those "85 & above" (15.4%), compared to non-FAs (11.8%). Their share of P1 or P2 triage class was 76.9%, higher than that of the non-FAs at 67.2%. 60.7% of FAs had attended at least once in the previous year, more than double the 27.9% of non-FAs.
Outcome characteristics
Admission rates for FAs were higher than non-FAs, at 70.8% and 57.4% (Table 3) , respectively. In terms of diagnosis, there were also higher proportion of FA patients with "respiratory diseases", "immunity World J Emerg Med, Vol 9, No 1, 2018 disorders", and "genitourinary diseases", compared to non-FAs. Conversely, there were lower proportions of "injury and poisoning" and "nervous diseases" among FAs, compared to non-FAs.
30-day mortality rates between age groups
The 30-day mortality rate, defined as the death of the patient from all causes within 30 days of registration of an ED attendance, was the 5.4% among patients aged 65 years & above, whether they were FAs or non-FAs. Examination of the 30-day mortality rate by the numbered visits (within a calendar year), differentiated by age group among all attendances (Figure 2 ) reveals the 30-day mortality rate for attenders aged 65 & above years old to be higher than that of younger patients. This implies that patients 65 years old & above had a higher mortality risk compared to those who are less than 65 years of age.
Among the older 65 & above, their 30-day mortality rate increased from 4.0% in the fi rst visit, to 8.8% in the third visit. It continued to increase, peaking at 10.2% at the sixth visit, before trending downwards on subsequent additional visits, suggesting that re-attenders have a higher 30-day mortality risk over the 3rd to 6th visit within a calendar year.
Factors associated with 30-day mortality for elderly frequent attenders
In terms of diagnosis-related factors (Table 4) , "neoplasms disorders" 5.32 (4.97, 5.69) exhibited the highest adjusted odds ratios (AdjOR) of mortality among the diagnoses. Conversely, "nervous diseases" 0.25 (0.21, 0.29), "musculoskeletal diseases" 0.31 (0.27, 0.36), "injury and poisoning" 0.32 (0.29, 0.35), and "mental disorders" 0.33 (0.22, 0.48) had the lowest AdjOR (Table 4 ). Non-diagnosis factors with the highest AdjOR were transport "ambulance" 2.72 (2.63, 2.81), "attend previous year" 1.26 (1.22, 1.31), and gender "male" 1.21 (1.17, 1.25). Factors associated with lower odds of 30-day mortality included: triage P3/P4 0.14 (0.13, 0.15), triage "P2" 0.45 (0.43, 0.46), and FA "7 or more visits" 0.36 (0.33, 0.40). FAs who were admitted to the ED observation ward also refl ected low odds of mortality 0.14 (0.11, 0.17).
DISCUSSION
Our results show that elderly ED attenders aged 65 years and above, are associated with increased 30-day mortality risk, compared to ED attenders in general. Compared to patients aged less than 65 years old, elderly patients demonstrate up to 5 times the latter's 30-day mortality risk, with maximal divergence during the 3rd to 6th ED visit over a calendar year. Previous studies refl ect a mortality rate from 9% to 12%, but involved smaller cohorts of patients and did not segregate patients by frequency of visit. [11, 12] Elderly FAs contribute disproportionately, to both the total number of elderly patient visits to the ED and the ED resources utilized. [13, 14] Compared to the elderly non-FAs, they are associated with increased utilization of ambulances and have higher rates of admission rates from the ED. However, in our study population, despite having a higher triage acuity and proportion of patients aged 85 years and older, elderly FAs do not have increased time to disposition at ED or increased inpatient length of stay. There is no signifi cant difference in 0-day mortality rates between the FAs and non-FAs for patients aged 65 years and older. There have been studies done with regards to predicting repeat attendances to the ED for the elderly. [15] [16] [17] Interventions such as multi-disciplinary case management, with social workers, community and primary health care partners have been shown to reduce the frequency of visits to the ED. [18] We have identifi ed various factors associated with 30-day mortality, which can help towards the development of a clinically relevant algorithm to identify elderly FAs at the extremes of risk for adverse outcomes. Identifying these at risk patients in a data-driven manner would maximize the utility of resource intensive multidisciplinary case management efforts, by targeting high yield patients in an effi cient manner.
Limitations
The retrospective study design meant that we were unable to collect data not included within the primary study data set. We were unable to determine the appropriateness or necessity of each ED visit, which would have provided a more granular perspective of study fi ndings. There is also a lack of data regarding other important aspects of care for the elderly at the ED, such as assessing physical and cognitive states and for functional problems.
As the study was limited to a single study site, we were unable to reference visits that each unique patient may have made to other EDs within the country, or reference mortality events with the national death registry. It is possible that we may have underestimated the total number of ED visits per patient, when visits to other EDs are included. This is mitigated by the large study sample size and significant regional coverage by the Singhealth RHS. Variables and outcomes analyzed were also broad and clinically relevant.
CONCLUSION
Elderly attenders to the ED have a higher 30-day mortality risk compared to the overall ED population, with mortality risk being more marked for frequent attenders. Elderly frequent attenders also demonstrate different resource utilization patterns compared to the overall ED population. This study illustrates the need for interventions to reduce the elderly patient's frequency of visits to the ED, especially in the context of an aging society. 
